Polyaniline (PANI) nanoparticles with uniform morphology and good dispersion were prepared by using the task-specific Ionic Liquid (IL) 1-ester-3-methyl-imidazolium tetrafluoroborate ([EAMIM]BF4) as a soft template by chemical oxidation in a water-IL medium. The morphological, structural and electronic properties of polyaniline (PANI) products, controlled by the IL [EAMIM]BF4, were synthesized and investigated. Products were characterized by SEM, FT-IR and the measurements of conductivity. The addition of [EAMIM]BF4 strongly influenced the morphology, uniformity, and conductivity of the PANI. Depending on the [EAMIM]BF4:ANI ratio, various nanostructures of PANI could be prepared and the dominant morphologies are the rod-like and fiber-like elongated structures under most experimental conditions. Samples prepared in the presence of IL [EAMIM]BF4 show uniform morphology, good dispersion and good electrochemical performance. At the current density of 0.5 A/g, the specific capacitance of PANI was 396 F.g -1 . Compared with the PANI without ionic liquids, the specific capacitance was increased by 165 F.g -1 .
INTRODUCTION
Polyaniline (PANI) nanoparticles have received a great amount of attention, because of its straight-forward and cost-effective synthesis process, excellent mechanical properties, thermal stability and helpful electrical properties [1 -3] , which can be controlled easily by doping proton or changing the state of its oxidation. The size and shape of PANI nanoparticles [4] are crucial in various applications, including conductive blends and nanocomposites which are used to reaction catalysts. One-dimensional PANI nanostructures [5] , like nanofibers, have particular potential to be used in many domains, like nanocomposites, coatings, catalytic supports, actuators, etc.
More recently, research has focused on enhancing the properties of PANI by developing more various nanostructures. In order to acquire different morphologies of PANIs, many different synthetic routes have been developed. The most similar are produced from routes, which contain hard templates, soft templates [6, 7] and polymer additives acting as directing agents of the structure. The method of the soft template is based upon the selfassembly of a monomer that is driven by the molecules of the soft template and is controlled by the chemical bonding except the covalent bonding. The most frequently used soft templates are surfactants, which form with aniline salts that self-assemble into micelles. By changing the concentration of the surfactant [8 -13] , the micelles are endowed more morphologies, such as spherical, cylindrical and lamellar.
Ionic liquids (ILs) is a type of organic salt and it is liquid when the temperature is at or near room temperature. These compounds have got more attention because of their remarkable properties [14 -16] . In water, the behave of ILs like typical surfactants, because they form micelles under the concentration above the critical micellar concentration [17] . Howbeit, compared with typical conventional surfactants, there are some differences amongst them because they have only a short hydrophobic chain [18 -20] . Additionally, conductivity measurements of ILs, under aqueous solutions, indicate that IL molecules aggregate together when the concentrations below the critical micellar concentration. At higher concentrations, it is possible to form disk-like structures, which have a distinct long-range order [21] . ILs show intensive trend towards selforganization and can form congeries, which can selfassemble into three-dimens-ional networks [22] , which can act as the soft templates to form polymer nanoparticles.
Due to these unique properties, ILs have attracted increasing attention in many areas, like chemical synthesis, polymerization, and catalysis. Recently, ILs was applied as an additive during the chemical oxidative polymerization of aniline (ANI). They form larger nanostructures through hydrogen bonding in the liquid state, which is of high interest in the preparation of various nanoparticles [23] .
A striking feature lies in that the type and nature of IL used for PANI synthesis that profoundly affect the morphology of PANI and their physical properties can be fine-tuned significantly by manipulation of their morphology in water-IL media.
A primary investigation undertaken in the authors' laboratory has revealed that PANI nanoparticles with various morphologies can be synthesized successfully by using the ILs with different molecular structures as soft templates by chemical oxidation in a water-IL medium. It can be feasible to realize such morphology manipulation of the PANI by modifying the choice of ILs. This would, in turn, make it possible to tune and further improve the physical properties of the PANI nanoparticles. Therefore, chemical oxidative polymerization of ANI in water-IL media has been attracting increased attention as a promising route to synthesize the PANI nanoparticles with enhanced properties [24] .
In the present study, the preparation of PANI nanoparticles with uniform morphology and good dispersion was investigated using the task-specific IL [EAMIM]BF4 as soft template by the chemical oxidation in a water-IL medium. The morphology of the PANI nanoparticles was monitored using SEM, the chemical structure was studied by the FT-IR, their constant current charge-discharge performance and the cyclic voltammetry (CV) curves of the electrode materials were tested using a CHI660C.
EXPERIMENTAL

Chemicals
The chemicals used included: aniline (ANI; Connell 
Polymerization procedure 2.2.1. The synthesis of PANI nanoparticles
Standard procedure of polymerization was as follows:
The new distilled aniline and the target IL [EAMIM]BF4 was dispersed successively in a certain amount of distilled water, and weighed amounts of APS were scattered uniformly in distilled water. After 15 min of ultrasonic dispersion, they were cooled in an ice bath with 0 -5 °C. After 30 min, the aqueous solution of APS in ANI was added slowly to the mixed liquid of IL to aniline, and was reacted for 24 h under 0 -5 °C. The greenish-black PANI nanoparticle product was collected after suction filtering, washing and drying about 48 h under 60 °C, the mole ratios of ANI to ionic liquids respectively were 4:1, 2:1, 1:1, and 1:2. The ionic liquid with various groups was synthesized and their synthetic routes are presented in Fig. 1 . Meanwhile, the molecular structure of the target compounds is shown in Fig. 2 . The procedure of polymerization was as follows:
Synthesis of the ionic liquid
Weighed amounts of 1-methylimidazole were dissolved in a certain amounts of acetone in a nitrogen atmosphere at 55 °C with constant magnetic stirring. Ethyl acetate was slowly added to the above mixture and was stirred for approximately 24 h at 75 °C. The intermediate of the IL, was isolated by filtration, washed thoroughly by ethanol and dried at 75 °C under vacuum.
Weighed amounts of the intermediate were dissolved in a certain amounts of acetonitrile with constant stirring. When dissolved completely, boron sodium fluoride was dropped to the above mixture. After stirring for approximately 24 h under a room temperature, a mixture of yellow liquid and white solid was obtained. The viscous yellow liquid product, the objective IL, was isolated by filtration, washed thoroughly and dried using rotary evaporation and vacuum at 75 °C for approximately 24 h.
Characterization 2.3.1. Characterization of structure
The morphology of PANI observed by SEM. After ultrasonic dispersion in the ethanol, the PANI powder was dropped onto a copper cylinder. The morphology of the sample was observed by a JEOL 6700F scanning electron microscope.
Electrochemical characterization tests
The constant current charge-discharge performance and cyclic voltammetry (CV) curves for the electrode materials were tested using a CHI660C manufactured by CH Instruments, China. In this test, the working electrode was PAn, a sheet of platinum 1 cm × 1 cm was the auxiliary electrode, and the reference electrode was a saturated calomel electrode. The electrolyte was 1mol/L H2SO4.The specific capacitance of PANI could be calculated using the following formula：
where: C is the symbol of mass ratio (F.g -1 ); I represent capacitance discharge current (A), m is the quality of the active electrode (g), Δt is the discharge time and the discharge voltage drop is represented by ΔV.
The total weight of the electrode material was 8 mg. The proportions of the mixture were 80 wt.% of PANI-C with 7.5 wt.% of graphite and 7.5 wt.% of acetylene. After mixing evenly, the electrode mix was dropped into PTFE emulsion with a mass fraction of 5 %, and a few drops of ethanol. The electrode paste was smeared on the processed stainless steel wire mesh over an area of about 1 cm 2 . The stainless steel net then was subjected to a pressure of 10 MPa and put into an oven to dry for 16 h at 60 °C.
RESULTS AND DISCUSSION
The IL [EAMIM]BF4 was used to study the effects of IL on PANI properties and morphology. In order to discuss the effects of the ANI/ionic liquid (ANI/IL) molar ratio on the morphology of the PANI, four mole ratios: 4:1, 2:1, 1:1, and 1:2, were investigated. Because experimental conditions were same for all of the tests and only the mole ratio of ANI to IL was varied, it could be concluded that the IL was the only factor for the observed differences in morphology of the prepared PANIs.
The effect of the dosage of [EAMIM]BF4 on the morphology of PANI
SEM micrographs of PANI prepared under different mole ratios of AN to [EAMIM]BF4 ionic liquid are shown in Fig. 3 . When the molar ratio of AN to the [AMIM]BF4 ionic liquid was maximum (Fig. 3 a) , the PANI exhibited a dispersed rod-like nanostructure with lower crystalline productivity and density. With increasing the mole fraction of ionic liquid (Fig. 3 b and c) , the produced volume and density of the product were better. However, when the mole ratio of AN to the [AMIM]BF4 ionic liquid was minimum (Fig. 3 d) , the produced volume and product density became unsatisfactory, though the special morphology of the product did not disappear. (Fig. 3) , it is evident that under different molar ratios, although yield and density of the product differ, the PANI was still presented a dispersed rod-like nanostructure, i.e. the morphology of the PANI was strictly controlled by the [EAMIM]BF4 ionic liquid.
The FT-IR Spectrum
FT-IR
The IR spectra for [EAMIM]BF4 ionic liquid is presented in Fig. 4 respectively belong to saturated C-H stretching deformation and bending vibrations, while the peaks at 1757 cm -1 and 1177 cm -1 respectively correspond to C=O stretching vibration of the ester group and the C-O stretching vibration of the ester group, attesting that there are ester groups in the ionic liquid. The peak at 1063 cm -1 is associated with the B-F stretching vibration, and the band at 3405 cm -1 has been assigned to O-H stretching vibration, which illustrates that the ionic liquid has some impurity water because of the hydroscopicity of the boric acid radical ion. From the above can be concluded that the ionic liquid is [EAMIM]BF4.
The FT-IR spectrum of PANI samples before and after adding the [EAMIM]BF4 ionic liquid is shown in Fig. 4 b. The band at 3442 cm -1 is attributable to N-H stretching vibrations, while the peaks at 1580 cm -1 and 1502 cm -1 can be attributed to C=C stretching deformations of the PANI quinonoid and benzenoid rings, respectively. The band at 1295 cm -1 is attributable to C-N stretching vibrations of the PANI benzenoid rings, the band at 1137 cm -1 is characteristic of the doped state of PANI [25] and the peak at 813 cm -1 can is attributable to C-H out-of-plane bending in the 1,2-disubstituted aromatic rings.
Very similar features have been shown by the FT-IR spectra, which indicate that the addition of [EAMIM]BF4 ionic liquid did not alter significantly the chemical composition or structure of the PANI. The CV curves for PANI as the electrode prepared in 1 mol/L H2SO4 under three different conditions are shown in Fig. 5 . The PANI was doped using 1 mol/L HCl and the PANI-IL was controlled by [EAMIM]BF4 ionic liquid. It can be observed that every CV curve exhibited a significant redox peak, while the potential difference of the peak of non-doped PANI was 0.24 V, for doped PANI was 0.28 V and for PANI controlled by ionic liquid was 0.22 V.
It can be concluded that PANI controlled by the ionic liquid was better and the area of the CV curve of the PANI prepared using the ionic liquid as the structural control agent was largest, which means that the quality-specific capacitance of the PANI was optimum. Because the uniform morphology of the PANI was controlled by the ionic liquid, its electrochemical performance was improved.
Effect of Scanning rate on CV curves of PANI
The CV curves for PANI electrodes at different scanning rates are shown in Fig. 6 . Both of the CV curves show a pair of significant characteristic redox peaks, which indicates that both of the PANI samples show reversibility of the redox reaction under two different scanning rates. However, the potential difference of CV curve of the b test condition was greater than that of the test, which indicates that the redox reversibility under the 'a' condition was better than for the 'b' condition. Furthermore, the area bounded by the CV curve under the 'b' test condition was clearly larger than that pf the 'a' curve, which is indicative that the specific capacitance under the 'b' test condition was better than for the 'a' condition. The charge/discharge figure for PANI, as a capacitor prepared under different coditions when the current density is 1 A.g -1 , is supplied in Fig. 7 . PANI doped by 1mol/L HCl and the PANI-IL was controlled by the [EAMIM]BF4 ionic liquid. It can be observed that every curve exhibited a symmetrical triangle, which indicates the performance of electrochemical capacitance of PANI prepared under these three different conditions was better. The specific capacitance of the PANI can be calculated using Eq. 1.
PANI Charging and discharging test
It was calculated that the capacitance of non-doped PANI was 231 F.g -1 , that of the doped PANI was 338 F.g -1 , and that of the PANI controlled by the ionic liquid was 396 F.g -1 , which verified the conclusion from the capacitance tests indicating that PANI is best-controlled by the ionic liquid.
It is reported that the feed ratio of aniline to different templates played a very important role in constructing the hierarchically nano-structure, which would, hence, determine the electrochemical erformance of the materials. Using the template-assisted strategy and controlling the feed ratio of aniline to templates, the nanometer structure of nano-PANI was obtained [26] .
PANI samples synthesised in the presence of [EAMIM]BF4 had uniform structure than the corresponding PANI synthesised in Qingbo Yu et al [27] . (2015). This is because PANI samples, when the mole ratio of [EAMIM]BF4 to ANI is 1, have uniform structure (Fig. 3 c) and, consequently, exhibit the electrochemical performance. Therefore, the presence of [EAMIM]BF4 can be used to optimise the reaction conditions for obtaining PANI products with uniform structure and excellent electrochemical performance. The charge/discharge curves under constant current, for PANI at various current densities are presented in Fig. 8 from Eq. 1.
Where the current density is 0. , and 335 F.g -1 , respectively. It was thus confirmed that the specific capacitance value of PANI decreased with increasing the current density, though this could have been effect of polarization. Under a larger current-density conditions, when the speed of the cell response could not satisfy the demand of the electrochemical reaction, hydrogen diffuses to the electrode/electrolyte interface, the capacitance is reduced.
CONCLUSIONS
The IL [EAMIM]BF4 influences the morphology of the PANI. As overall test was maintained notionally constant throughout all of the polymerization of ANI and only the mole ratio of ANI to IL was changed. It could be determined that the addition of IL was the only factor for the different morphologies of the prepared PANI. This was confirmed by the SEM spectra which show significant differences in morphology of the PANIs. The best-defined nanoparticles were prepared with [EAMIM]BF4 additions to the ANI:IL mixture at a mole ratio of 1:1. Under these conditions the particles were dispersed evenly and had a special homogeneous rod-like nanostructure with a diameter of approximately 50 nm and length of approximately 100 nm.
From the electrochemical performance of the PANI, it could be deduced that a uniform structure of the PANI was favorable to improve its electrochemical properties.
Therefore, the presence of [EAMIM]BF4 can be used to optimise the reaction conditions for obtaining PANI products with uniform structure and excellent electrochemical performance.
